
EXHAUST PIPE STRUCTURE OF VEHICLE WITH LOW FLOOR 
Background of the Invention 
1. Field of the Invention 

[0001] The present invention relates to a technique for improving an exhaust pipe 
structure of a vehicle with a low floor. 



2. Description of the Related Art 

10 [0002] Various techniques are used for mounting a power unit below a body frame in a 
vehicle with a low floor, such as a scooter-type motorcycle or a scooter-type 
three-wheeled vehicle. For example, Japanese published unexamined patent 
application No. 2001-88763 (see Fig. 2 on pp. 3 and 4) discloses such a technique. 

15 [0003] Referring to Fig. 28, the outline of a conventional type low floor type vehicle as 
disclosed in patent application No. 2001-88763 is described below. Fig. 28 is a 
schematic diagram showing the conventional low floor type vehicle of Japanese 
published unexamined patent application No. 2001-88763. A conventional low floor 
type vehicle 300 is a scooter type motorcycle in which a power unit 320 is mounted in a 

20 double cradle type body frame under 3 1 0 and under a low floor 318. 



[0004] The body frame 3 1 0 is composed of a pair of right and left upper frames 3 1 2, 
312 (only the left upper frame is shown and it is similar to the right upper frame for the 
following components) extended backward and downward from a head pipe 31 1, a pair 
25 of right and left down frames 313,313 extended downward from the head pipe 3 1 1 , a 
pair of right and left center frames 3 14, 3 14 extended backward and upward from the 
down frames 313, 313, a pair of right and left lower frames 315, 315 extended backward 
from each lower end of the down frames 313, 313 and a pair of right and left rear frames 



l 



3 1 6, 3 1 6 each of which connects each rear end of the lower frames 315,315 and each 
rear end of the center frames 3 1 4, 3 1 4. 



[0005] Each rear end of the upper frames 3 12, 3 12 is connected to each extension of 
5 the center frames 3 1 4, 3 1 4. The low floor 3 1 8 can be supported by the body frame 3 1 0. 
The low floor 3 1 8 is a floor for bearing the feet of a rider. 

[0006] The power unit 320 is composed of a front longitudinal V-type engine 321 and 
a rear transmission unit 331 . The V-type engine 321 is a water-cooled engine provided 

10 with a front cylinder 322 and a rear cylinder 323 so that a banking angle 910 (an angle 
010 between the cylinders 322 and 323) of approximately 45° is formed when the engine 
is viewed from the side. The front cylinder 322 is extended substantially horizontally 
forward. The rear cylinder 323 is extended toward the head pipe 311. As a result, the 
banking angle 010 is approximately 45° when the engine is viewed from the side. 

15 Naturally, a bisector LI 1 of the banking angle 010 passes between the head pipe 31 1 and 
a front wheel 351. A reference number 324 denotes a crankshaft. 

[0007] Each exhaust pipe 326, 326 connected to each cylinder 322, 323 is extended 
backward under the engine 321 and reaches a muffler 327. 

20 

[0008] Further, in the low floor type vehicle 300, an air cleaner 340 is arranged in a 
space between the head pipe 311 and the rear cylinder 323, a radiator for cooling the 
engine 352 is arranged between the engine 321 and the front wheel 351, a seat 353 is 
arranged on the upside of the rear, and a front fuel tank 354 and a rear housing box 355 
25 are arranged under the seat 353. 

[0009] The transmission unit 33 1 is provided with a transmission device 333 which 
can be vertically swung with a final output shaft 332 as the base of a swing. A rear 
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wheel 334 is attached to the transmission device 333 and the transmission device 333 
can be suspended from the body frame 3 10 via a rear cushion 335. The rear cushion 
335 is vertically arranged under the seat 353 and between the fuel tank 354 and the 
housing box 355. LI 2 denotes a straight line passing the head pipe 31 1 and the final 
5 output shaft 332. 

[0010] The air cleaner 340 is provided with a filter element 341 inside, and an intake 
port 342 on the upside. The intake port 342 is covered with an upper lid 343. Each 
cylinder 322, 323 is connected to such an air cleaner 340 via each intake coupling pipe 
10 344, 345. The intake coupling pipe 344 connected to the front cylinder 322 reaches the 
air cleaner 340 through space between the cylinders 322 and 323. In the meantime, the 
intake coupling pipe 345 connected to the rear cylinder 323 reaches the air cleaner 340 
through space above the rear cylinder 323. 

15 [001 1] However, in the conventional low floor type vehicle 300, the two exhaust pipes 
326, 326 are extended backward below the engine 321 from the front of the longitudinal 
V-type engine 32 1 . Therefore, space for the two exhaust pipes is required to be secured 
in the same position and the degree of freedom in design is low. 

20 [0012] In addition, if the banking angle 9 10 of the longitudinal V-type engine 321 is 
increased, space for equalizing the length of the two exhaust pipes 326, 326 in 
consideration of exhaust performance is further required. 

SUMMARY OF THE INVENTION 

25 

[0013] Accordingly, an object of the invention is to provide a technique for efficiently 
arranging plural exhaust pipes for a longitudinal V-type engine. 
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[0014] In one aspect of the present invention, an exhaust system for a vehicle with a 
low floor is provided. The system comprises a power unit provided with a longitudinal 
V-type engine mounted at least partly below the low floor. A chain drive mechanism is 
provided for driving a rear wheel. The power unit further comprises a transmission 
5 unit, where the chain drive mechanism and power unit, which includes the engine and 
the transmission unit are substantially U-shaped when the power unit is viewed from 
above. The U-shape defines an opening. A first exhaust pipe is connected to a rear 
cylinder in a bank of the V-type engine. The first exhaust pipe extends downward 
through the opening and then extends rearward with a rear end of the first exhaust pipe 

10 connecting to a second exhaust pipe at a collection member. The second exhaust pipe 
is connected to a front cylinder in the bank of the V-type engine. The transmission unit 
is configured so that the transmission unit is connected to the engine on one side of the 
V-type engine, is extended backward on the one side of the vehicle, and drives the chain 
drive mechanism so as to drive the rear wheel from the other side of the vehicle in the 

15 vicinity of a pivot of a swing arm for the rear wheel. 

[001 5] In another aspect of the invention, a motorcycle is provided. The motorcycle 
comprises a longitudinal V-type engine, at least a part of the engine being mounted 
below the low floor; a first exhaust pipe connected to a rear cylinder of the engine; a 

20 second exhaust pipe connected to a front cylinder of the engine; a collecting pipe 
configured to collect the first and second exhaust pipes; and a transmission unit, the 
transmission unit extending rearward on one side of the motorcycle and driving a rear 
wheel of the motorcycle from the other side of the vehicle. A chain drive mechanism 
for driving a rear wheel. The transmission unit, the engine, and the chain drive 

25 mechanism form a U-shape when viewed from above, the U-shape defines an opening, 
and the first exhaust pipe extends downward through the opening and then extends 
rearward to the collecting pipe. 
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[0016] Also, in another aspect, the transmission unit further comprises an intake port 
for air and an exhaust member. The exhaust member is configured to exhaust air that 
has been used to cool the transmission unit in the vicinity of the collecting pipe. 

5 [00 1 7] In yet another aspect of the invention, an exhaust system for a vehicle with a 
low floor is provided. The system comprises a longitudinal V-type engine, at least a 
part of the engine being mounted below the low floor; a first exhaust means for 
connection to a rear cylinder of the engine and for exhausting gases from the rear 
cylinder; a second exhaust means for connection to a front cylinder of the engine and for 

10 exhausting gases from the front cylinder; a collecting means for collecting the first and 
second exhaust means; and a transmission means extending rearward on one side of the 
motorcycle and for driving a chain drive mechanism so as to drive a rear wheel of the 
motorcycle from the other side of the vehicle. The transmission means, the engine, and 
the chain drive mechanism form a U-shape when viewed from above, the U-shape 

15 defines an opening, and the first exhaust means extends downward through the opening 
and then extends rearward to the collecting means. 

[001 8] As the power unit composed of the longitudinal V-type engine and the 
transmission unit, along with the chain drive mechanism, form a substantially a U shape 

20 when the power unit is viewed from the top, the first exhaust pipe connected to the rear 
cylinder in the bank of the V-type engine is extended backward from the cylinder, the 
rear end is extended downward via the space which is the opening substantially 
U-shaped when the opening is viewed from the top, the lower end is extended backward 
and the rear end can be connected to the second exhaust pipe connected to the front 

25 cylinder in the bank of the V-type engine. 

[0019] The space is effectively utilized by making the first exhaust pipe connected to 
the rear cylinder in the bank pass over the power unit and further extending it downward 
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via the space which is the opening substantially U-shaped when the opening is viewed 
from the top as described above, and the first exhaust pipe can be connected to the 
second exhaust pipe connected to the front cylinder in the bank. Therefore, the plural 
exhaust pipes for the longitudinal V-type engine can be efficiently arranged. 

5 

[0020] As the exhaust member is configured so that exhaust air from the exhaust 
member provided to the rear of the transmission unit hits the first and second exhaust 
pipes, exhaust in the first and second exhaust pipes can be controlled so that the exhaust 
is at desired temperature by the exhaust air. Particularly, both can be simultaneously 
10 cooled by cooling the first and second exhaust pipes and exhaust by exhaust air after the 
exhaust air cools the transmission unit, so that another cooling means is not required to 
be provided and the size of the low floor type vehicle can be reduced. 

[0021] Also, although the second exhaust pipe is extended on one side of the front of 
15 the V-type engine, the first and second exhaust pipes are not extended in the crankcase 
on the other side of the front of the V-type engine. As the oil filter and the oil cooler 
which are respectively functional components for lubricating and cooling oil for the 
engine can be provided to the crankcase on the other side of the front of the V-type 
engine, space may be effectively utilized in which no exhaust pipe is extended, so that 
20 the size of the low floor type vehicle can be effectively arranged. 

[0022] As exhaust air from the exhaust member hits the vicinity of the part in which 
the first exhaust pipe and the second exhaust pipe are collected, exhaust in the first and 
second exhaust pipes is cooled together and the temperature can be controlled, the 
25 configuration is efficient. 

[0023] Also, an exhaust sensor is provided to the part of the first and second exhaust 
pipes which exhaust air hits, the exhaust sensor can be cooled by the exhaust air. As 
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the thermal effect by exhaust of the exhaust sensor can be reduced, the configuration is 
advantageous to hold the function and the performance of the exhaust sensor. For 
example, injection via a fuel injection valve of an intake system can always be 
satisfactorily controlled by the exhaust sensor. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a left side view 1 showing a vehicle according to the invention; 
10 [0025] Fig. 2 is a left side view 2 showing the vehicle according to the invention; 
[0026] Fig. 3 is a plan showing the vehicle according to the invention; 
[0027] Fig. 4 is a left side view showing a body frame according to the invention; 

15 

[0028] Fig. 5 is a plan showing the body frame according to the invention; 

[0029] Fig. 6 is a front view showing the body frame according to the invention; 

20 [0030] Fig. 7 is a perspective view showing the body frame according to the invention 
viewed from the left side; 

[0031] Fig. 8 is a perspective view showing the body frame according to the invention 
viewed from the right side; 

25 

[0032] Fig. 9 is a left side view showing the body frame, a power unit and the 
circumference of an air cleaner and a fuel tank respectively according to the invention; 
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[0033] Fig. 10 is a sectional view showing the power unit according to the invention; 

[0034] Fig. 1 1 is a sectional view showing a front half of the power unit according to 
the invention; 

5 

[0035] Fig. 1 2 is a sectional view showing a rear half of the power unit according to 
the invention; 

[0036] Fig. 13 is a plan view showing the rear of the power unit and the circumference 
10 of a swing arm for a rear wheel respectively according to the invention; 

[0037] Fig. 14 is a perspective view showing the body frame and the periphery of the 
power unit respectively shown from a left frontward view and respectively according to 
the invention; 

15 

[0038] Fig. 1 5 is a perspective view showing the body frame, the power unit and the 
circumference of the air cleaner respectively shown from a left rearward view and 
respectively according to the invention; 

20 [0039] Fig. 1 6 is a perspective view showing the body frame, the power unit and the 
circumference of the air cleaner respectively shown from a right frontward view and 
respectively according to the invention; 

[0040] Fig. 1 7 is a perspective view showing the body frame and the circumference of 
25 the power unit respectively shown from a right rearward view and respectively 
according to the invention; 

[0041] Fig. 18 is a left side view showing the body frame, a V-type engine and the 
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circumference of an intake system respectively according to the invention; 

[0042] Fig. 19 is a back sectional view showing the circumference of the air cleaner 
and a body cover according to the invention; 

5 

[0043] Fig. 20 is an exploded view showing the air cleaner according to the invention; 

[0044] Fig. 2 1 shows the action of the air cleaner according to the invention; 

10 [0045] Fig. 22 is a left side view showing the body frame, the power unit and the 
circumference of an exhaust system according to the invention; 

[0046] Fig. 23 is a plan view showing the body frame, the power unit and the 
circumference of the exhaust system according to the invention; 

15 

[0047] Fig. 24 is a schematic diagram showing the vehicle according to the invention; 

[0048] Fig. 25 is a left side view showing the circumference of a housing box and a 
rear cushion for a rear wheel according to the invention; 

20 

[0049] Fig. 26 is a sectional view taken along a line 26-26 in Fig. 25; 

[0050] Fig. 27 shows a transformed example of the housing box according to the 
invention; and 

25 

[0051] Fig. 28 is a schematic diagram showing a conventional type low floor type 
vehicle. 

9 



DETAILED DESCRIPTION OF THE INVENTION 

[0052] Referring to the attached drawings, embodiments of the invention will be 
described below. "Front", "rear", "right", "left", "upper" and "lower" denote each 
position of a vehicle viewed from a rider, "Fr" means the front, "Rr" means the rear, "R" 
5 means the right, "L" means the left and "CL" means the center in the width of the body 
(the center of the body). The drawings shall be viewed using these direction indicators. 

[0053] First, the whole configuration of a low floor type vehicle 1 0 will be described. 
Fig. 1 is a left side view 1 showing the low floor type vehicle 10 and showing a 
10 configuration in which a body cover 70 is attached. Fig. 2 is a left side view 2 showing 
the low floor type vehicle 10 and showing a configuration in which the body cover is 
detached. Fig. 3 is a plan showing the low floor type vehicle 10 and showing the 
configuration in which the body cover is detached. 

15 [0054] The low floor type vehicle 10 is mainly composed of a body frame 20, a front 
fork 5 1 attached to a head pipe 21 of the body frame 20, a front wheel 52 attached to the 
front fork 5 1 , a handle 53 coupled to the front fork 5 1 , a power unit 54 attached to a 
lower part of the body frame 20, a radiator 55 attached to a front upper part of the body 
frame 20, an air cleaner 56 and a fuel tank 57, a seat 58 attached to a rear upper part of 

20 the body frame 20, a housing box 59 attached to the rear of the body frame 20 under the 
seat 58, a swing arm 62 suspended by a rear cushion 61 for a rear wheel 63 in the rear of 
the body frame 20 and the rear wheel 63 attached to the swing arm 62. The vehicle is a 
full cowling type in which the whole body is covered with a body cover (cowl) 70. 

25 [0055] The seat 58 is a tandem seat for two riders and is provided with a movable 

(adjustable) seat back 64 for a rider in the center. Such a seat 58 can be attached to the 
body frame 20 via a seat rail 65 extended backward from the rear upper part of the body 
frame 20. 
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[0056] PI denotes an intermediate position of a wheel base (center distance between 
the front wheel 52 and the rear wheel 63), and distance XI and distance X2 are equal. 

5 [0057] The body cover 70 is composed of a front cover 7 1 that covers the front of the 
head pipe 21 and the upside of the front wheel 52, an inner cover 72 that covers the rear 
of the front cover 71, right and left low floors 73 (only the left is shown,, which is 
hereinafter similar to the right low floor) as a step floor for putting a rider's foot, right 
and left floor skirts 74 extended downward from the outer edge of each low floor 73, a 
10 center cover 75 extended backward from the inner cover 72 and covering the center in 
the longitudinal direction of the body frame 20, a side cover 76 extended backward from 
the center cover 75 and covering the rear of the body frame 20, the seat rail 65 and the 
housing box 59 and a rear cover 77 covering the rear upper part of the body in the rear of 
the side cover 76 as shown in Fig. 1 . 

15 

[0058] The center cover 75 is a member that also covers the air cleaner 56, the fuel 
tank 57 and the engine 100. 

[0059] In these drawings, a reference number 81 denotes a wind screen, 82 denotes a 
20 front fender, 83 denotes a head lamp, 84 denotes a blinker, 85 denotes a rear spoiler that 
also functions as a rear grip, 86 denotes a tail lamp, 87 denotes a rear fender and 88 
denotes a number plate. 

[0060] Next, the body frame 20 will be described. Fig. 4 is a left side view showing 
25 the body frame according to the invention, Fig. 5 is a plan view showing the body frame 
according to the invention, Fig. 6 is a front view showing the body frame according to 
the invention, Fig. 7 is a perspective view showing the body frame according to the 
invention viewed from the left side and Fig. 8 is a perspective view showing the body 



li 



frame according to the invention viewed from the right side. 

[0061] The body frame 20 is composed of a pair of right and left upper frames 22, 22 
extended backward and downward from the head pipe 21 and a pair of right and left 
5 down frames 23, 23 extended downward from the head pipe 21 and coupled to the front 
of a crankcase 104 of the V-type engine 100 (see Fig. 2), and is a diamond type frame. 

[0062] The upper frames 22, 22 are extended substantially straight, being inclined 
backward and downward from the upside of the head pipe 21, the degree of inclination 
10 of which is reduced from the end 22a inclined downward and which are extended further 
backward and downward. The down frames 23, 23 are pipes extended backward and 
downward from the downside of the head pipe 21 and having a higher inclination than 
the upper frames 22, 22. 

15 [0063] The left upper frame 22 and the left down frame 23, and the right upper frame 
22 and the right down frame 23 respectively form a trussing type frame structure 
(triangular frame structure). 

[0064] For the trussing type frame structure, triangular three spaces when they are 
20 viewed from the side 27 to 29 are acquired by extending a substantially horizontal first 
reinforcement 24 toward the upper frame 22 from a part in which the head pipe 21 and 
the down frame 23 are joined, extending a second reinforcement 25 toward the lower 
end of the down frame 23 from a part in which the upper frame 22 and the first 
reinforcement 24 are joined and further extending a third reinforcement 26 between the 
25 vicinity of the end 22a inclined downward of the upper frame 22 and a point on the 

second reinforcement 25. These spaces 27 to 29 are viewed in a width direction of the 
body. 
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[0065] That is, the first space 27 is formed by the head pipe 21, the upper frame 22 and 
the first reinforcement 24. The second space 28 is formed by the down frame 23, the 
first and second reinforcements 24, 25. The third space 29 is formed by the upper 
frame 22, the second and third reinforcements 25, 26. 

5 

[0066] Further, the rigidity of the body frame 20 is secured by extending a cross 
member 3 1 between the right and left upper frames 22, 22 in the vicinity of the end 22a 
inclined downward of the upper frame 22 and extending two cross members 32, 33 
between the respective halfway points of the right and left down frames 23, 23 and 
10 between the lower ends of the down frames. The cross member 3 1 between the right 
and left upper frames 22, 22 is provided with a bracket for a cushion 34. 

[0067] The body frame 20 is provided with a first hanger plate 35 on the left side at the 
lower end of the left down frame 23, a second hanger plate 36 on the left side on the left 

15 third reinforcement 26, a third hanger plate 37 on the left side in the vicinity of a part in 
which the left upper frame 22 and the left third reinforcement 26 are joined, and a left 
fourth hanger plate 44 at the rear end of the left upper frame 22. The body frame 20 is 
also provided with a right hanger 23a at the lower end of the right down frame 23 as 
shown in Fig. 8, a right first hanger plate 38 on the right third reinforcement 26, a right 

20 second hanger plate 39 in the vicinity of a part in which the right upper frame 22 and the 
right third reinforcement 26 are joined, and a right third hanger plate 48 at the rear end 
of the right upper frame 22. 

[0068] These hanger plates 35 to 39, 44, 48 are coupling members which can be 
25 detached from the body frame 20. 

[0069] The low floors 73 (see Fig. 1) are supported by right and left low floor 
supporting frames 41, 42 fixed to the respective lower parts of the down frames 23, 23 
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via stays 47, 47 and extended longitudinally. 

[0070] The left low floor supporting frame 41 is a pipe the rear of which is coupled to 
the rear of the left upper frame 22 via a stay 43 and the left fourth hanger plate 44. A 
5 side stand 46 is integrally held by the rear. The left fourth hanger plate 44 also 
functions as a stay for the low floor supporting frame. 

[0071] The side stand 46 is attached to the left low floor supporting frame 41 via the 
bracket 45 so that the side stand 46 can stand and can be housed. As shown in Fig. 8, 
10 the rear of the right low floor supporting frame 42 is coupled to a bracket 1 72 of a 
transmission unit 130 shown by an imaginary line. 

[0072] The mounting structure of the low floor supporting frames 41 , 42 mentioned 
above will be described below. 

15 

[0073] The low floor supporting frames 41, 42 are fixed to the respective lower parts 
of the down frames 23, 23 in the diamond type frame. The low floors 73 (see Fig. 1) 
are supported by these low floor supporting frames 41, 42. Therefore, though the 
vehicle is configured so that the V-type engine 100 (see Fig. 2) is lowered, the low floor 
20 73 can be securely and stably supported. 

[0074] Further, the rear of the left low floor supporting frame 41 fixed to the lower part 
of the left down frame 23 is also coupled to the rear of the left upper frame 22. 
Therefore, the left low floor supporting frame 41 extended longitudinally can be more 
25 sufficiently fixed to the body frame 20. As a result, the rigidity of the low floor 

supporting frame 41 is enhanced, the low floor 73 can be more securely and more stably 
supported and the supporting rigidity is enhanced. 
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[0075] Also, as shown in Fig. 8, the rear of the right low floor supporting frame 42 
fixed to the lower part of the right down frame 23 is further coupled to the rigid 
transmission unit 130. Therefore, the right low floor supporting frame 42 extended 
longitudinally can be more sufficiently fixed to the body frame 20 and the transmission 
5 unit 130. As a result, the rigidity of the low floor supporting frame 42 can be enhanced, 
the low floor 73 can be more securely and more stably supported and the supporting 
rigidity can be more enhanced, 

[0076] Furthermore, as shown in Fig. 4, as the side stand 46 is integrated with the rear 
10 of the left low floor supporting frame 41, the low floor supporting frame 41 holds the 
side stand 46. Therefore, the function of another component can also be achieved, the 
bracket 45 for holding the side stand 46 can be miniaturized and a holding component 
formed by another component is not required to be provided. In addition, as the side 
stand 46 is held by the low floor supporting frame 41 extended longitudinally, the side 
15 stand 46 can be set to an arbitrary position in a longitudinal direction and the degree of 
freedom in design is enhanced. 

[0077] Next, the configuration of the circumference of the power unit 54 will be 
described. Fig. 9 is a left side view showing the circumference of the body frame, the 

20 power unit, the air cleaner and the fuel tank respectively according to the invention. 
Fig. 10 is a sectional view showing the power unit according to the invention and the 
power unit 54 viewed from the top is shown as expanded sectional structure. Fig. 1 1 is 
a sectional view showing a front half of the power unit according to the invention and 
corresponds to Fig. 10. Fig. 12 is a sectional view showing a rear half of the power 

25 unit according to the invention and corresponds to Fig. 10. Fig. 13 is a plan view 

showing the circumference of the rear of the power unit according to the invention and 
the swing arm for the rear wheel. 
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[0078] The power unit 54 is composed of the front longitudinal V-type engine 100 and 
the rear transmission unit 130. That is, the power unit 54 is provided with the 
transmission unit 130. 

5 [0079] As shown in Fig. 9, the V-type engine 1 00 is a two-cylinder engine set so that 
when it is viewed from the side, a banking angle 91 (an angle 01 between the cylinders 
101 and 102) is approximately 90° or more than 90°. In the V-type engine 100, the 
front cylinder 101 in a bank is substantially horizontally extended forward so that the 
cylinder is directed above the axle of the front wheel 52 (see Fig. 2). The rear cylinder 

10 102 in the bank is substantially vertically extended upward so that the cylinder is 
directed toward the end 22a inclined downward of the upper frame 22. The V-type 
engine 100 is arranged with the bisector LI of the banking angle 91 directed toward the 
head pipe 21 as described above. 

15 [0080] Further, Fig. 9 shows that the front cylinder 101 in the bank is arranged in front 
of the right and left down frames 23, 23 by arranging the crankshaft 103 of the V-type 
engine 100 in front of the intermediate position PI (see Fig. 2) of the wheel base and the 
rear cylinder 102 in the bank is arranged between the right and left upper frames 22, 22 
(see Fig. 3, too). 

20 

[0081] The V-type engine 100 can be arranged as frontward as possible by arranging 
the front cylinder 101 in the bank in front of the right and left down frames 23, 23. As 
a result, the center of gravity of the low floor type vehicle 10 is in front, and a load on 
the front wheel 52 and the rear wheel 63 (see Fig. 2) can be better distributed. 

25 

[0082] Further, the position of the crankshaft 103 of the V-type engine 100 is shifted in 
front by arranging the front cylinder 101 in the bank in front. In this case, the bisector 
LI of the banking angle 91 is also directed toward the head pipe 21. As the bisector LI 
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of the banking angle 01 is closer to a right angle by the amount that the position of the 
crankshaft 103 is shifted in front, the rear cylinder 102 in the bank is accordingly 
inclined backward in the body. Therefore, the height of the rear cylinder 102 in the 
bank can be reduced. Therefore, the degree of freedom in mounting the V-type engine 
5 100 is enhanced. 

[0083] Furthermore, as the rear cylinder 102 in the bank is arranged between the right 
and left upper frames 22, 22, it has no effect upon the rear cylinder 102 in the bank to 
lower the upper frames 22, 22. Therefore, the upper frames 22, 22 can be arranged in 
10 as a low position as possible. Therefore, as the center of gravity of the body frame 20 
is lowered, the center of gravity of the vehicle 10 can be lowered and the vibration can 
also be reduced. In addition, as the low floor 73 (see Fig. 1) can be further lowered, the 
handling of the vehicle 1 0 is improved. Further, a rider can more easily straddle the 
body frame 20 when the upper frames 22, 22 are lower. 

15 

[0084] To enable the arrangement in front of the V-type engine 100, the radiator 55 for 
the engine (the water-cooled engine) 100 is arranged in front of the head pipe 21 as 
shown in Fig. 2. The V-type engine 100 can be further moved to the front by shifting 
the radiator 55, heretofore arranged in front of the water-cooled engine, and in front of 
20 the head pipe 21. 

[0085] The respective lower halves of the V-type engine 100 and the transmission unit 
130 are arranged below the low floor supporting frames 41, 42 (only the left frame is 
shown in Fig. 9). Therefore, the V-type engine 100 and the transmission unit 130 can 
25 be mounted in the vehicle 10, and can also be arranged below the low floors 73 (see Fig. 
1) supported by the low floor supporting frames 41, 42 from the downside. The 
crankshaft 103 is located below the low floors 73 and the low floor supporting frames 41, 
42. 
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[0086] Hereby, the V-type engine 100 and an intake system 190 are arranged in space 
S 1 under a straight line L2 passing a central point P2 in the height of the head pipe 21 
and a final output shaft 138 of the transmission unit 130. In addition, the bisector LI of 
5 the banking angle 01 can be directed toward the head pipe 21 . 

[0087] The intake system 190 is a system for supplying air for combustion to the 
V-type engine 100 and includes the air cleaner 56 and each intake coupling pipe 191, 
191 for connecting the air cleaner 56 and each cylinder 101, 102. 

10 

[0088] As the V-type engine 100 is arranged with the bisector LI of the banking angle 
01 directed toward the head pipe 21, the banking angle 01 can be set to a large angle 
equal to or exceeding approximately 90°. The vibration of the V-type engine 100 can 
be more advantageously controlled by setting the banking angle 01 to such a large angle 
15 and a large space is created for arranging the intake system (190 including the intake 
coupling pipes 191, 191 for each cylinder 101, 102 and the air cleaner 56). Therefore, 
the degree of freedom in designing the intake system 190 is enhanced. 

[0089] Further, as the bisector LI of the bank angle 01 is directed toward the head pipe 
20 2 1 , a large space can be secured between each cylinder in the bank of the V-type engine 
and the head pipe 21. As the intake system 190 including the intake coupling pipes 191, 
191 and the air cleaner 56 is arranged in a large space with the intake system directed 
toward the head pipe 21, the intake system 190 and the V-type engine 100 can be 
efficiently coupled and the performance of the V-type engine 100 can be enhanced. 
25 The intake system 190 can also be miniaturized in a relatively low position. Therefore, 
the fuel tank 57 can be easily arranged above the low intake system 190 and the mass 
can be concentrated in the front. 
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[0090] As the center of gravity of the vehicle 10 can be set in the front by arranging 
the fuel tank 57 in the front of the low floor type vehicle 10, a load on the front wheel 52 
and the rear wheel 63 can be better distributed. In addition, as the fuel tank 57 is not 
required to be arranged under the seat 58 (see Fig. 2), a large available space is created 
5 under the seat 58 and the housing box 59 (see Fig. 2) so that a large housing space can 
be provided. 

[0091] Furthermore, as the V-type engine 100 and the intake system 190 are arranged 
in the space SI under the straight line L2 passing the head pipe 21 and the final output 
10 shaft 138 of the transmission unit 130, space S2 above the air cleaner 56 can be 

effectively utilized. Therefore, the fuel tank 57 as a functional component can be easily 
arranged above the air cleaner 56. 

[0092] Though the end of the rear cylinder 102 in the bank and the upper end of the air 
15 cleaner 56 of the intake system 190 are protruded slightly upward from the straight line 
L2, they are located in a range in which they are substantially equivalent to the upside 
contour of the upper frames 22, 22 and can be substantially regarded as arranged in the 
space SI under the straight line L2 passing the head pipe 21 and the final output shaft 
138. 

20 

[0093] Figs. 1 0 to 12 show the sectional configuration of the power unit 54. For the 
V-type engine 100, the rear cylinder 102 in the bank is not shown. 

[0094] The V-type engine 100 is composed of a crankcase 104 of a type divided into 
25 right and left, the front cylinder 101 in the bank and the rear cylinder 102 in the bank 
(see Fig. 9) respectively coupled to the crankcase 104, and a head 105 and a head cover 
106 respectively coupled to the respective ends of these cylinders 101, 102. A 
crankshaft 103 is extended in the direction of the width of the body and housed in the 
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crankcase 104 so that the crankshaft can be rotated. A piston 108 is coupled to the 
crankshaft 103 via a connecting rod 107. A valve train 1 1 1 is housed in a cam chamber 
109 and an ignition plug 1 12 is provided. The engine 100 is a water-cooled engine 
provided with a water-cooled jacket. 

5 

[0095] In the drawings, a reference number 113 denotes a cam chain, 114 denotes a 
driving gear for a cooling water pump, 1 1 5 denotes a right side cover, 1 1 6 denotes an 
alternator and 1 1 7 denotes a gear for driving the crankshaft driven by a starter motor 
(described later). 

10 

[0096] The left end of the crankshaft 103, the alternator 1 16 and the circumference of 
the left end of a first transmission shaft 136 described later are greatly covered by 
covering the left side of the crankcase 104 with a left side cover 118. 

15 [0097] The transmission unit 130 is configured so that it is connected to the engine 100 
on one side (the right side R) of the V-type engine 100, is extended backward on one 
side (the right side R) of the low floor type vehicle 10 and it drives the rear wheel 63 
from the other side (the left side L) of the low floor type vehicle 10 via a pivot of the 
swing arm 62 for the rear wheel. 

20 

[0098] The power unit 54 is configured by combining the crankcase 104 of the engine 
100, the transmission unit 130, and a chain drive mechanism 150 (described below) in a 
U shape when they are viewed from the top and a substantially U-shaped opening when 
it is viewed from the top can be provided on the other side (the left side L) of the vehicle 
25 10. 

[0099] As a result, the change of only the V-type engine 100 or only the transmission 
unit 130 is enabled to be the power unit 54 having high flexibility. 
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[0100] The transmission unit 130 is composed of a main case 131 attached to the right 
face of the rear of the crankcase 104 and extended backward, a first cover 132 that closes 
an opening on the right side of the main case 131, a first transmission chamber 133 
5 formed by the main case 131 and the first cover 132, a subcase 134 overlapped with the 
left side of the rear of the main case 1 3 1 , a second transmission chamber 1 35 formed by 
the main case 131 and the subcase 134, the first transmission shaft 136 extended in the 
direction of the width of the body from the rear of the crankcase 104 to the first 
transmission chamber 133, a second transmission shaft 137 extended in the direction of 

10 the width of the body from the rear of the first transmission chamber 133 to the second 
transmission chamber 135, the final output shaft 138 extended from the second 
transmission chamber 135 to the left outside via the subcase 134, a first gear train 139 
that transmits motive power from the left end of the crankshaft 103 to the left end of the 
first transmission shaft 136, a belt type continuously variable transmission 141 that 

15 transmits motive power from the right end of the first transmission shaft 136 to the right 
end of the second transmission shaft 137, a centrifugal clutch 142 and a second gear 
train 143 that transmits motive power from the left end of the second transmission shaft 
137 to the final output shaft 138. 

20 [0101] For the belt type continuously variable transmission 141, a motor control 

method that the shift is controlled by a servo motor (not shown) via a gear for shift 147 
is adopted. 

[0102] A reference number 144 denotes a balancer, 145 denotes a reluctor, 146 denotes 
25 a pulser (an angle sensor of the crankshaft) and the pulser is used for controlling the 
ignition and the fuel injection of the engine 100. 

[0103] Further, to explain referring to Fig. 13, the motive power of the V-type engine 
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100 can be transmitted from the transmission unit 130 to the rear wheel 63 via a chain 
drive mechanism 150 by connecting a transmission shaft 151 to the left end of the final 
output shaft 138 via splines, attaching a driving sprocket 152 to the transmission shaft, 
attaching a driven sprocket 1 54 to an axle 1 53 of the rear wheel 63 and putting a chain 
5 155 between these driving and driven sprockets 1 52, 1 54. 

[0104] The axis CI of the final output shaft 138 is also the center CI (the center CI of 
a swing) of the pivot of the swing arm 62 for the rear wheel 63. 

10 [0105] The swing arm 62 is a member substantially in a H type when it is viewed from 
the top and composed of a left arm 161, a right arm 162 and a cross member 163 
connecting the left and right arms 161, 162, and can support the rear wheel 63 at the rear 
end so that the rear wheel can be rotated. 

15 [0106] Swing arm 62 is arranged so that the right side of the rear of the main case 131 
and the left side of the rear of the subcase 134 are put between the respective front ends 
of the left and right arms 161, 162. The swing arm 62 can be attached so that it can be 
vertically swung by supporting a left supported part 161a provided to the front end of the 
left arm 161 by the left side of the rear of the subcase 134 via a left pivot 164 and 

20 supporting a right supported part 162a provided to the front end of the right arm 162 by 
the right side of the rear of the main case 131 via a right pivot 165. 

[0 1 07] The pivot 1 65 is a male screw that is screwed into the main case 131. The 
right supported part 162a can be attached to the main case 131 by exposing the end of 
25 the pivot 165 and fitting it to the right supported part 162a after the pivot 165 is already 
screwed into the main case 131 and the swing arm 62 is positioned in the center CI of 
the pivot. 
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[0108] The left arm 161 also functions as a chain case, and the driving and driven 
sprockets 152, 154 and the chain 155 can be housed by covering the opening on the left 
side of the left arm 161 with a chain cover 166. 

5 [0109] In the power unit 54, the opening substantially in the U shape when it is viewed 
from the top surrounded by the rear end of the crankcase 104, the left sides of the main 
case 131 and the subcase 134 of the transmission unit 130 and the front end of the left 
arm 161 of the swing arm 62 can be provided to the other side (the left side L) of the 
vehicle 10. 

10 

[0110] Next, relation between the body frame 20 and the power unit 54 will be 
described. Fig. 14 is a perspective view showing the body frame and the circumference 
of the power unit respectively according to the invention and viewed frontward from the 
left. Fig. 15 is a perspective view showing the body frame, the power unit and the 

15 circumference of the air cleaner respectively according to the invention and viewed 
rearward from the left. Fig. 16 is a perspective view showing the body frame, the 
power unit and the circumference of the air cleaner respectively according to the 
invention and viewed frontward from the right. Fig. 17 is a perspective view showing 
the body frame and the circumference of the power unit respectively according to the 

20 invention and viewed rearward from the right. 

[0111] Figs. 1 4 to 17 show that the V-type engine 1 00 and the transmission unit 130 
are suspended from the body frame 20 which is the diamond type frame. 

25 [011 2] For the V-type engine 1 00, the left side of the crankcase 1 04 is attached to the 
body frame 20 via the left first, second and third hanger plates 35, 36, 37 and the right 
side of the crankcase 104 is attached to the body frame 20 via the right hanger 23a and 
the right first hanger plate 38. 
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[0113] For the transmission unit 130, the upside of the left side of the main case 131 is 
attached to the body frame 20 via the left third and fourth hanger plates 37, 44 and the 
upside of the right side of the main case 131 is attached to the body frame 20 via the 
5 right second and third hanger plates 39, 48. 

[0114] The cross members 32, 33 also function as a guard member for the engine. As 
the body frame 20 is the diamond type frame and the V-type engine 100 is suspended 
from the diamond type frame, the engine 100 can function as a part of the body frame 20. 

10 Therefore, no frame member is required to be arranged below the V-type engine 100. 
Therefore, the V-type engine 100 can be lowered as close to the ground as possible. As 
a result, as the crankshaft 103 of the V-type engine 100 is also lowered as shown in Fig. 
9, a large space can be secured above the low floor 73 (see Fig. 1). Further, the low 
floor 73 is arranged above the crankcase 104 and the width of a step (the width of the 

15 low floor 73) can be narrowed by lowering the V-type engine 100. 

[0115] Generally, when the crankshaft 103 is lowered, the banking angle 91 is reduced. 
In a layout according to the invention, the banking angle 01 is secured by adopting the 
V-type engine 100 the width of which is narrow. 

20 

[0116] Thus, the degree of freedom in mounting the V-type engine 100 having the 
banking angle 01 equal to or exceeding approximately 90° is improved. In addition, 
the center of gravity of the vehicle 10 can be lowered by lowering the V-type engine 100. 

25 [011 7] To explain referring to Fig, 9, the degree of inclination of the upper frames 22, 
22 is reduced after the upper frames are substantially linearly extended, being inclined 
backward and downward up to the vicinity of the rear cylinder 102 in the bank of the 
V-type engine 100 and the upper frames are extended up to the vicinity of the pivot (the 
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position of the final output shaft 138) of the swing arm 62 for the rear wheel 63. 

[0118] Thus, the upper frames 22, 22 can be substantially linearly extended 
longitudinally. Therefore, the rigidity of the upper frames 22, 22 can be improved and 
5 as a result, the rigidity of the body frame 20 can be more improved. 

[0119] As described above, the respective fronts of the upper frames 22, 22 contribute 
to the stability of the intake system 190 and the respective rears of the upper frames 22, 
22 can effectively catch a load from the rear wheel 63. Therefore, the rigidity of the 
10 body frame 20 can be maintained by the small-sized and light configuration. 

[0120] The capacity of the air cleaner 56 can be increased by forming the right and left 
first reinforcements 24, 24 in the body frame 20 so that they are curved outside as shown 
in Fig. 15 and even if the air cleaner 56 is arranged in front, the air cleaner can be 
15 prevented from interfering with the head pipe 21 and interfering with the maximum 
angle of traverse of the front fork 5 1 (see Fig. 2). 

[0121] A reference number 148 shown in Fig. 15 denotes a servo motor for varying 
continuously variable gear ratio and the servo motor controls the continuously variable 
20 gear ratio of the belt type continuously variable transmission 141 via the gear for shift 
147 shown in Fig. 11. A reference number 121 shown in Fig. 16 denotes a pump for 
engine cooling water. Further, Figs. 16 and 17 show that the bracket 172 in a right 
upper part of the transmission unit 130 is attached to the right side of the crankcase 104 
so that the bracket can be detached. 

25 

[0122] As shown in Fig. 9, the crankcase 104 and the transmission unit 130 are 
vertically coupled via the left third hanger plate 37 and the coupling member 173, and 
the left third hanger plate 37 and coupling member 173 are provided on the side of the 
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opening substantially U-shaped when it is viewed from the top of the power unit 54. 
The left third hanger plate 37 fulfills a role of a coupling member. 



[01 23] The front of the coupling member 1 73 is attached to a lower part of the left rear 
5 of the crankcase 104 via two bolts 174, 174 and the rear of the coupling member 173 is 
attached to a lower part of the left front of the transmission unit 130 via one bolt 175. 

[0124] The front of the left third hanger plate 37 (the coupling member 37) is attached 
to an upper part of the left rear of the crankcase 1 04 via one bolt 1 78 and the rear of the 
10 left third hanger plate 37 is attached to an upper part of the left front of the transmission 
unit 130 via one bolt 179. 

[0125] Thus, the rigidity of the power unit 54 can be sufficiently secured. Therefore, 
as the rigidity of the power unit 54, composed of the engine 100 and the transmission 
15 unit 130 to be a part of the body frame 20, is enhanced, the rigidity of the body frame 20 
can also be enhanced. 

[0126] Further, as the opening can be reinforced by the upper and lower coupling 
members 37, 173 by providing the upper and lower coupling members 37, 173 on the 
20 side of the substantially U-shaped opening, a desired rigidity is efficiently provided, the 
degree of freedom in securing the rigidity is enhanced, and the appearance of the low 
floor type vehicle 10 is enhanced. 

[0127] Further, the coupling member 173 holds a main stand (a stand member) 176 as 
25 shown in Figs. 4 to 6. That is, the main stand 176 is attached so that it can stand and 
can be housed by coupling a left upper part of the main stand 1 76 substantially 
portal-shaped when it is viewed from the front to the lower end of the coupling member 
1 73 and coupling a right upper part of the main stand 1 76 to a lower part of the 
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transmission unit 130 via a stay 177. 

[0128] As the coupling member 173 for securing the rigidity of the power unit 54 also 
holds the main stand 176, the function of another functional component can be also 
5 achieved and the vehicle 10 can be configured so that the number of parts may be 
reduced and the configuration is smaller and lighter. 

[0129] Next, the intake system 190 will be described. Fig. 18 is a left side view 
showing the body frame, the V-type engine and the circumference of the intake system 
10 respectively according to the invention and shows the cross section of the air cleaner 56. 
Fig. 19 is a back sectional view showing the circumference of the air cleaner and the 
body cover respectively according to the invention, Fig. 20 is an exploded view showing 
the air cleaner according to the invention and Fig. 21 shows the action of the air cleaner 
according to the invention. 

15 

[0130] Referring to Figs. 9 and 18, the intake system 190, including the intake 
coupling pipes 191, 191 and the air cleaner 56, is arranged above the V-type engine 100 
and the space S2 for arranging the fuel tank 57 as an accessory for a vehicle is provided 
above the air cleaner 56. 

20 

[0131] The intake system 190 is arranged between the cylinders 101, 102 in the bank 
of the V-type engine 100 with the intake system directed toward the head pipe 21 and the 
fuel tank 57 is arranged above the intake system 190. 

25 [0132] The V-type engine 100 is provided with the intake coupling pipes 191, 191 for 
coupling each cylinder 101, 102 to the air cleaner 56. Each intake coupling pipe 191, 
191 is provided with each throttle valve 192, 192 and each fuel injection valve 193, 193 
and is provided with each funnel 194, 194 extended in the air cleaner 56. Each funnel 
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194, 194 is connected to one end of each intake coupling pipe 191, 191 and the funnels 
are arranged with them curved when they are viewed from the side. A filter element 
206 is arranged between these funnels 194, 194. 



5 [0133] Reference number 149 in Fig. 18 denotes a cell motor, and 195 denotes an 
intake temperature sensor for detecting intake temperature in the air cleaner 56. The 
intake temperature sensor is used for correcting intake temperature when the injection 
quantity of the fuel injection valves 193, 193 is operated and controlled. 

10 [0134] As shown in Figs. 1 8 to 20, the air cleaner 56 can be maintained and checked 
from the side of the low floor type vehicle 10. The air cleaner 56 is composed of a 
cleaner case 201, a bottom plate 203 that closes an opening 202 at the lower end of the 
cleaner case 201 and can be detached, the two funnels 194, 194 extended into the case 
from the bottom plate 203, a lid for checking 205 that closes a checking opening 204 

15 provided to a rear upper part of the cleaner case 201 and can be detached, the cylindrical 
filter element 206 housed inside the cleaner case 201, a filter checking hole 207 provided 
to the left side or the right side of the cleaner case 201, a capping member 208 that 
closes the filter checking hole 207 and can be detached and a substantially L-type intake 
pipe 209 provided to the capping member 208. 

20 

[0135] The capping member 208 is provided with a communicating tube 21 1 to which 
one end of the intake pipe 209 is attached so that one end can be detached and which 
communicates with the intake pipe 209, and one end of the filter element 206 
communicating with the communicating tube 21 1 is attached to the capping member 208 
25 so that one end can be detached. Thus, the air cleaner 56 is provided with the filter 
element 206 inside and the filter element can be detached together with the capping 
member 208 on the side of the air cleaner 56. 
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[0136] A center cover 75 (a part of the body cover 70) covering the air cleaner 56 is 
provided with a hole for checking 75a and is provided with a lid for checking 212 that 
closes the hole for checking 75a and can be detached. The lid for checking 212 is 
located in a position opposite to the capping member 208. 

5 

[0137] Air taken from the intake pipe 209 enters each cylinder 101, 102 of the V-type 
engine 100 shown in Fig. 18 and Fig. 19 via the communicating tube 21 1, the filter 
element 206, the cleaner case 201, the funnels 194, 194, the intake coupling pipes 191, 
191. 

10 

[0138] To maintain and check the filter element 206, as shown in Fig. 21, first, a screw 
213 is detached and a fitting groove 212a at one end of the lid for checking 212 is 
extracted from the edge of the hole for checking 75a. As a result, the lid for checking 
212 is detached from the center cover 75. 

15 

[0139] Next, a screw 214 is detached and the capping member 208 is detached through 
the hole for checking 75a. As a result, the intake pipe 209 and the filter element 206 
are also detached together with the capping member 208. 

20 [0140] To return the filter element 206, the procedure for detachment is reversed. 

[0141] As clear from the description, as the air cleaner 56 is configured so that 
maintenance and a check from the side of the vehicle 10 are possible, maintenance and a 
check from the top of the air cleaner 56 are not required. Therefore, available a large 
25 space can be sufficiently secured over the air cleaner 56. 

[0142] Further, as the filter element 206 provided inside the air cleaner 56 can be 
detached together with the capping member 208 on the side of the air cleaner 56 and the 
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lid for checking 212 opposite to the capping member 208 is provided to the body cover 
70 covering the air cleaner 56, the filter element 206 can be easily detached from the 
side of the air cleaner 56 by detaching the capping member 208 after the lid for checking 
212 is detached. Therefore, the maintenance and the checking of the filter element 206 
5 are facilitated and the ease of working on the vehicle 10 is enhanced. 

[0143] Furthermore, as shown in Fig. 18, as the filter element 206 is arranged between 
the plural funnels 194, 194 extended in the air cleaner 56, the filter element 206 never 
interferes with the funnels 194, 194 when the filter element 206 is detached from the 
10 side of the air cleaner 56. Therefore, the air cleaner 56 is not required to be large to 
prevent interference. Therefore, the air cleaner 56 can be miniaturized and as a result, 
the degree of freedom in design when the air cleaner 56 is mounted in the vehicle 10 is 
enhanced. 

15 [0144] The space S2 is effectively utilized and the accessory for the vehicle can be 
easily arranged by providing the space S2 for arranging the accessory for the vehicle 
such as the fuel tank 57 (see Fig. 9) above the air cleaner and the degree of freedom in 
designing the distribution of a load can be enhanced. For example, as the center of 
gravity of the vehicle 10 can be set in the front by arranging the air cleaner 56 and the 

20 fuel tank 57 in the front of the vehicle 1 0, a load onto the front wheel 52 and the rear 
wheel 63 can be better distributed. 

[0145] As shown in Fig. 18, each intake coupling pipe 191, 191 is characterized in that 
it is arranged substantially along the upper frame 22 and the down frame 23. That is, 
25 the intake coupling pipe 191 connected to the front cylinder 101 in the bank is arranged 
substantially along the down frame 23 and the intake coupling pipe 191 connected to the 
rear cylinder 102 in the bank is arranged substantially along the upper frame 22. 
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[0146] Therefore, each intake coupling pipe 191, 191 can be formed substantially 
linearly. Air can be more smoothly supplied from each intake coupling pipe 191,191 
to each cylinder 101, 102 by adopting each intake coupling pipe 191, 191 substantially 
linearly. As a result, intake efficiency can be enhanced and the output performance of 
5 the V-type engine 100 can be enhanced. 

[0147] In addition, as space inside the body frame 20 is effectively used and compact 
arrangement is enabled by such configuration, the degree of freedom in design can be 
increased and the appearance of the vehicle 10 can be also enhanced. Further, when a 
10 rider rides, it is easier to straddle the body frame 20. 

[0148] As described above, the upper frame 22 and the down frame 23, respectively 
opposite to the side of each intake coupling pipe 191, 191, have a trussing frame 
structure. Therefore, the rigidity in a direction in which each intake coupling pipe 191, 
15 191 is extended of the body frame 20 can be enhanced. Therefore, the output 

performance of the V-type engine 100 suspended by the body frame 20 can be enhanced. 

[0149] The triangular second space 28 for the trussing frame structure is space for 
enabling the insertion and the extraction of the filter element 206 of the air cleaner 56. 
20 As the second space 28 is provided, the filter element 206 can be easily detached from 
the side of the air cleaner 56. Therefore, the maintenance and the checking of the filter 
element 206 is facilitated and workability is enhanced. In addition, the air cleaner 56 
can be smaller and lighter. 

25 [0150] Reference numbers 221 and 222 in Fig. 19 denote an element presser. 

Reference numbers 223, 223 in Fig. 20 denote a funnel joint, 224, 224 denote a funnel 
flange, 225 denotes a screw, and 226 and 227 denote packing. 
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[0151] Next, an exhaust system 240 of the V-type engine 100 will be described. Fig. 
22 is a left side view showing the body frame, the power unit and the circumference of 
the exhaust system respectively according to the invention. Fig. 23 is a plan showing 
the body frame, the power unit and the circumference of the exhaust system respectively 
5 according to the invention. 

[0152] Referring to Figs. 14 to 17, the exhaust system 240 of the V-type engine 100 is 
composed of a first exhaust pipe 241 connected to the rear cylinder 102 in the bank, a 
second exhaust pipe 242 connected to the front cylinder 101 in the bank, a collecting 
10 pipe 243 in which the rear end of the first exhaust pipe 241 and the rear end of the 

second exhaust pipe 242 are collected and a muffler 245 (as shown in Fig. 22) connected 
to the rear end of the collecting pipe 243 via an extending pipe 244. The muffler 245 
includes a catalyst 246 (see Fig. 22) and is arranged on the right upside of the rear wheel 
63. 

15 

[0153] The first exhaust pipe 241 connected to the rear cylinder 102 in the bank is 
extended backward (on the left) from the rear cylinder 102 in the bank, the rear end is 
extended downward, passes space S4 substantially U-shaped when the space is viewed 
from the top in the power unit 54, the lower end is extended backward (on the right) and 
20 passes under the power unit 54 and the rear end is connected to the second exhaust pipe 
242 via the collecting pipe 243. 

[0154] As the first exhaust pipe 241 connected to the rear cylinder 102 in the bank of 
the V-type engine 100 passes the space S4 substantially U-shaped when the space is 
25 viewed from the top in the power unit 54, the U-shaped space S4 can be effectively 
utilized. Therefore, as the first exhaust pipe 241 does not protrude from the body, the 
appearance of the vehicle 10 is enhanced. 
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[0155] The second exhaust pipe 242 connected to the front cylinder 101 in the bank is 
extended downward from the front cylinder 101 in the bank, the lower end is extended 
rightward, the right end is extended backward along the right downside of the power unit 
54 and the rear end is connected to the collecting pipe 243. 

5 

[0156] As shown in Fig. 14 and Fig. 15, the second exhaust pipe 242 passes one side 
(the right side) of the front of the V-type engine 100, and an oil filter 122 and/or an oil 
cooler 123 are provided to the crankcase 104 in the front on the other side (the left side) 
of the V-type engine 100. That is, the oil filter 122 and/or the oil cooler 123 are 
10 provided in the front of the left half of the crankcase 104. 

[0157] In the transmission unit 130, an intake port 251 is provided on the right side as 
shown in Fig. 1 1 and a fan 253 is provided to a pulley 252 of the belt type continuously 
variable transmission 141 so that outside air may be drawn in to cool the transmission 
15 unit 130. After cooling the exhaust air is discharged into the air by an exhaust member 
254 provided on the rear upside of the transmission unit 130 as shown in Figs. 14 to 16. 

[0158] The exhaust member 254 is a duct vertically reverse U-shaped when it is 
viewed from the side and is configured so that exhaust air hits the first and second 

20 exhaust pipes 241 and 242. Each part in which exhaust air hits the first and second 
exhaust pipes 241, 242 is a part in which the first exhaust pipe 241 and the second 
exhaust pipe 242 are collected, that is, the collecting pipe 243 or the vicinity. An 
exhaust sensor 255 is provided to the part in which exhaust air hits the first and second 
exhaust pipes 241, 242. That is, the exhaust sensor 255 is provided to the rear of the 

25 collecting pipe 243. As the exhaust sensor 255 is cooled by exhaust air, the structure is 
advantageous to maintain the function and the performance of the exhaust sensor 255. 

[01 59] The exhaust sensor 255 detects the quantity of oxygen in exhaust. Feedback 
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control over the injection quantity of the fuel injection valves 193, 193 (see Fig. 18) 
based upon detection data is enabled. For example, when the detected quantity of 
oxygen is high, controls increase the injection quantity from the fuel injection valves 193, 
193 because the ratio of quantity in which fuel is supplied to the quantity of supplied air 
5 is low. 

[0160] As described above, as the exhaust sensor 255 is provided to the part in which 
exhaust air hits the first and second exhaust pipes 241, 242, the exhaust sensor 255 can 
be cooled by the exhaust air. As the thermal effect of the exhaust sensor 255 can be 
10 reduced by exhaust, the structure is advantageous to maintain the function and the 

performance of the exhaust sensor 255. For example, injection from the fuel injection 
valves 193, 193 (see Fig. 18) can be always satisfactorily controlled by the exhaust 
sensor 255. 

15 [0161] The exhaust system 240 will be summarized below. As the power unit 54 is 
configured in a substantially U shape when it is viewed from the top, the first exhaust 
pipe 241 connected to the rear cylinder 102 in the bank of the V-type engine 100 is 
extended backward from the cylinder 102, the rear end is extended downward and passes 
the space S4 substantially U-shaped when it is viewed from the top, the lower end is 

20 extended backward and the rear end can be connected to the second exhaust pipe 242 
connected to the front cylinder 101 in the bank of the V-type engine 100. 

[0162] As described above, the space S4 is effectively utilized and the first exhaust 
pipe can be connected to the second exhaust pipe 242 connected to the front cylinder 101 
25 in the bank by making the first exhaust pipe 241 connected to the rear cylinder 102 in 
the bank pass over the power unit 54 and further, extending it downward through the 
space S4 substantially U-shaped when the space is viewed from the top. Therefore, the 
plural exhaust pipes for the longitudinal V-type engine can be efficiently arranged. 
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[0163] Further, as exhaust air in the exhaust member 254 provided to the rear of the 
transmission unit 130 hits the first and second exhaust pipes 241, 242, the first and 
second exhaust pipes 241, 242 and exhaust in the pipes can be controlled at desired 
5 temperature by the exhaust air. Particularly, both can be simultaneously cooled by 
cooling the first and second exhaust pipes 241, 242 and exhaust by exhaust air after 
cooling the transmission unit 130, another cooling means is not required to be provided 
and the vehicle 10 can be miniaturized. 

10 [0164] Furthermore, as exhaust air from the exhaust member 254 hits the vicinity of 
the part in which the first exhaust pipe 241 and the second exhaust pipe 242 are collected, 
exhaust in the first and second exhaust pipes 241, 242 is cooled together, the temperature 
can be controlled and it is efficient. 

15 [0165] As shown in Fig. 14 and Fig. 15, though the second exhaust pipe 242 is 

arranged on one side of the front of the V-type engine 100, the first and second exhaust 
pipes 241, 242 are not arranged in the crankcase 104 on the other side of the front of the 
V-type engine 100. As the oil filter 122 and/or the oil cooler 123 which are functional 
components for lubricating and cooling engine oil, can be provided to the crankcase 104 

20 on the other side of the front of the V-type engine 100, space may be effectively utilized, 
so that the size of the vehicle 10 can be effectively arranged. 

[0166] Next, the arrangement and the configuration of the rear cushion 61 for the rear 
wheel 63 will be described. 

25 

[0167] Fig. 24 is a schematic diagram showing the vehicle according to the invention 
and shows that the housing box 59 having substantially similar longitudinal length to the 
longitudinal length of the seat 58 is provided under the seat 58 and the rear cushion 61 
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for the rear wheel 63 is transversely arranged under the housing box 59. Fig. 13 shows 
that the rear cushion 61 is arranged substantially in the center of the body (in the center 
in the width of the body). 

5 [0168] Fig. 25 is a left side view showing the circumference of the housing box and 
the rear cushion for the rear wheel respectively according to the invention and Fig. 26 is 
a sectional view viewed along a line 26-26 in Fig. 25. 

[0169] The rear cushion 61 for the rear wheel 63 is arranged along the rear of the 
10 upper frame 22. The rear cushion 61 is arranged over the upper frame 22 and 

substantially in parallel with the upper frame 22 by coupling one end of the rear cushion 
61 to the bracket for the cushion 34 of the upper frame 22 and coupling the other end of 
the rear cushion 6 1 to a bracket for a cushion 1 67 of the swing arm 62. 

15 [0170] As shown in Fig. 25 and 26, the housing box 59 is provided with a lid for 
checking 261 for the rear cushion 61 at the bottom 59a. The rear cushion 61 is 
provided with an adjusting member 61a for adjusting cushion characteristics. The 
bottom 59a of the housing box 59 is located over the adjusting member 61a. 

20 [0171] As shown in Fig. 25 and 26, when the rear cushion 61 is adjusted, the lid for 
checking 261 attached to the bottom 59a by elastic fitting so that the lid can be detached 
is detached, a tool 262 is inserted from a hole for checking 59b of the bottom 59a and 
the adjusting member 61a may be adjusted. Thus, adjustment is simple. 

25 [0172] The structure for attaching the rear cushion 61 will be summarized below. As 
the rear cushion 61 for the rear wheel 63 is transversely arranged under the housing box 
59, the housing box does not interfere with the rear cushion 61 for the rear wheel 63 
located substantially in the center of the body even if the housing box 59 is 
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longitudinally extended. Therefore, the housing box 59 having the substantially similar 
longitudinal length to the longitudinal length of the seat 58 can be arranged under the 
seat 58. Therefore, housing space for housing even a long object having a large 
diameter can be provided by extending the housing box 59 longitudinally and expanding 
5 the housing space. 

[0173] Further as shown by Fig. 25 and Fig. 26, as the lid for checking 261 of the rear 
cushion for the rear wheel 61 is provided to the bottom of the housing box 59, the lid for 
checking 261 is detached and the rear cushion 61 can be maintained and checked. As 
10 the rear cushion can be easily maintained and checked without detaching the housing 
box 59 and the body cover 70 (see Fig. 1), the workability is enhanced. 

[0174] Furthermore, as the rear cushion 61 for the rear wheel 63 is arranged along the 
rear of the upper frame 22 of the diamond type frame 20, the rigidity of the rear cushion 
15 61 for rear wheel 63 can be sufficiently secured by the upper frame 22 having large 
rigidity and the structure of suspension can be effectively arranged. 

[0 1 75] Fig. 27 shows a transformed example of the housing box according to the 
invention and corresponds to an embodiment shown in Fig. 25. A housing box 59 in 
20 the transformed example is characterized in that a lid for checking 263 provided to the 
bottom 59a has a hinge structure that the lid is opened or closed by a hinge 264. The 
other configuration is similar to that shown in Figs. 24 to 26, the same reference number 
is allocated and the description is omitted. 

25 [01 76] Accordingly, as the power unit composed of the longitudinal V-type engine and 
the transmission unit, along with the chain drive mechanism are formed substantially in 
a U shape when the power unit is viewed from the top, the first exhaust pipe connected 
to the rear cylinder in the bank of the V-type engine is extended backward from the 
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cylinder, the rear end is extended downward via the space which is the opening 
substantially U-shaped when the opening is viewed from the top, the lower end is 
extended backward and the rear end can be connected to the second exhaust pipe 
connected to the front cylinder in the bank of the V-type engine. 

5 

[0177] The space is effectively utilized by making the first exhaust pipe connected to 
the rear cylinder in the bank pass over the power unit and further extending it downward 
via the space which is the opening substantially U-shaped when the opening is viewed 
from the top as described above, and the first exhaust pipe can be connected to the 
10 second exhaust pipe connected to the front cylinder in the bank. Therefore, the plural 
exhaust pipes for the longitudinal V-type engine can be efficiently arranged. 

[0178] Also, as the exhausting member is configured so that exhaust air from the 
exhaust member provided to the rear of the transmission unit hits the first and second 

15 exhaust pipes, exhaust in the first and second exhaust pipes can be controlled so that the 
exhaust is at a desired temperature by the exhaust air. Particularly, both can be 
simultaneously cooled by cooling the first and second exhaust pipes and exhaust by 
exhaust air after the exhaust air cools the transmission unit, so that another cooling 
means is not required to be provided and the parts required for the low floor type vehicle 

20 can be reduced. 

[01 79] Moreover, although the second exhaust pipe is extended on one side of the front 
of the V-type engine, the first and second exhaust pipes are not extended in the crankcase 
on the other side of the front of the V-type engine. As the oil filter and the oil cooler 
25 which are respectively functional components for lubricating and cooling oil for the 
engine can be provided to the crankcase on the other side of the front of the V-type 
engine, thereby effectively utilizing space in which no exhaust pipe is extended, so that 
the low floor type vehicle can be effectively arranged. 



38 



[01 80] In addition, as exhaust air from the exhaust member hits the vicinity of the part 
in which the first exhaust pipe and the second exhaust pipe are collected, exhaust in the 
first and second exhaust pipes is cooled together and the temperature can be controlled, 
5 the configuration is efficient. 

[0181] Furthermore, the exhaust sensor is provided to the part of the first and second 
exhaust pipes which exhaust air hits, the exhaust sensor can be cooled by the exhaust air. 
As the thermal effect by exhaust of the exhaust sensor can be reduced, the configuration 
10 is advantageous to hold the function and the performance of the exhaust sensor. For 
example, injection via a fuel injection valve of an intake system can be always 
satisfactorily controlled by the exhaust sensor. 

[01 82] The present invention should not be considered limited to the particular 
15 examples or materials described above, but rather should be understood to cover all 
aspect of the invention as fairly set out in the attached claims. Various modifications, 
equivalent processes, as well as numerous structures to which the present invention may 
be applicable will be readily apparent to those of skill in the art to which the present 
invention is directed upon review of the instant specification. 
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